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HIGHLIGHTS OF THE WORKSHOP ON '"'THE 1866 CHARLESTON, SOUTH CAROLINA,
EARTHQUAKE AND ITS [MPLICATIONS FOR TODAY"

by
Walter W. Hays
U.S. Geological Survey

Reston, Virginia 22092

INTRODUCTION

The workshop, '"The 1886 Charleston, South Carolina, Earthquake and Its
Implications for Today,' was held in Charleston, South Carolina, on May 23-26,
1983. The U.S. Geological Survey (USGS) joined with Nuclear Regulatory
Commission (NRC), Federal Emergency Management Agency (FEMA), National Science
Foundation (NSF), National Bureau of Standards (NBS), the City of Charleston,
the Charleston, Berkeley, and Dorchester Counties Council of Governments, and
the South Carolina Seismic Safety Consortium (SCSSC) to sponsor the

workshop.

As is well known, Charleston, South Carolina, experienced a major earthquake
on August 31, 1886, which caused 60 deaths, extensive damage, and widespread
social and economic disruption. The earthquake, which had an estimated
magnitude of 7.5 (mg 7.5 and m, 6.6) and an epicentral intensity of X on the
Modified Mercalli Intensity Scale, was felt over a large part of the Eastern
United States. During the next 30 years more than 400 aftershock occurred in
the Charleston region, adding to the damage and social disruption. The region

continues to experience low-level seismic activity today.

This workshop was the twentieth in a series of workshops and conferences that
USGS has sponsored since 1977, usually in cooperation with one or more other
agencies or institutions. Each workshop and conference has the general goal
of improving knowledge utilization by bringing together knowledge producers
and users. For each workshop or conference, a steering committee is created
to tailor the objectives to the geographic region and to foster a process that

counteracts the criticism that much of the knowledge produced through research



is not fully utilized. Inadequate utilization of research occurs because of
either the lack of a process which links knowledge producers and users,
sometimes referred to as a network, or because of inefficient use of a

network.

One hundred-fifty people having varied backgrounds in earth science, social
science, architecture, engineering, and emergency management participated in
the workshop on ''"The 1886 Charleston Earthquake and Its Implications for
Today.'"" They represented local, State, and Federal Government, industry,
architectural and engineering firms, academia, and voluntary agencies. Most
came from the Eastern United States (see Appendix A of the report for a list

of participants).

OBJECTIVES OF THE WORKSHOP

This workshop is the third in a subseries specifically designed to define the
earthquake threat in the Eastern United States and to improve earthquake
preparedness. The two prior workshops on earthquake preparedness were
sponsored by USGS and FEMA and brought together producers and users of hazards
information with the goal of fostering partnerships. The first workshop,
"Preparing for and Responding to a Damaging Earthquake in the Eastern United
States,' was held in Knoxville, Tennessee, in September 1981. The Knoxville
workshop (described in USGS Open-File Report 82-220) demonstrated that
policymakers and members of the scientific-engineering community can
assimilate a great deal of technical information about earthquake hazards and
work together to devise practical work plans. The workshop resulted in the
creation of a draft 5-year work plan to improve the state-of-earthquake-
preparedness in the Eastern United States and marked the birth of the South
Carolina Seismic Safety Consortium. The second workshop, ''Continuing Actions
to Reduce Losses from Earthquakes in the Mississippi Valley Area,' was held in
St. Louis, Missouri, in May 1982, It resulted in the identification of
specific actions with a high potential for reducing losses that could be
implemented immediately. The results of the workshop (described in USGS Open-
File Report 83-157) reaffirmed that pratical work plans can be created

efficiently by a diverse group.



The Charleston workshop had multiple objectives involving the discussion of

scientific information and its use in earthquake preparedness. They are:

1) To define the state-of-knowledge about geologic, engineering, and
societal aspects of the 1886 Charleston earthquake.

2) To identify what is known about the 1886 Charleston earthquake in the

context of eastern seismicity.

3) To recommend specific actions concerning future research, earthquake-
resistant-design of buildings and critical facilities, and earthquake
preparedness.

k) To identify resources for carrying out the recommendations.

A DECADE OF RESEARCH IN THE CHARLESTON REGION

Unlike the Knoxville and St. Louis workshops, the Charleston workshop was
designed to communicate scientific information gained from a decade of
multidisciplinary studies funded primarily by USGS and NRC in the Charleston

region. Four conclusions were emphasized at the workshop:

1) No geologic structure or feature can be identified unequiviocally as

the source of the 1886 Charleston earthquake.

2) Sufficient high-quality scientific information is now available as a
result of a decade of research to impose physical constraints, to
advance physically reasonable hypotheses for tectonic models, and to

define and prioritize specific problems warranting research.

3) Seismic engineering parameters of critical facilities in the
Charleston area should be determined on the basis that earthquakes
similar to the 1886 Charleston earthquake have the potential to recur

in the vicinity of Charleston.



L) Results of research in the Eastern United States indicate that the
general geologic structures of the Charleston region can be found at
other locales within the eastern seaboard (Appalachian Piedmont,
Atlantic Coastal Plain, and Atlantic Contential Shelf). Discussions
in some of the workshop sessions were based on the USGS position
(specified in the letter from Jim Devine (USGS) on November 18, 1982,
to Robert Jackson (NRC)) that although there is no recent or
historical evidence that these locales have experienced strong
earthquakes, the historical record is not, of itself, sufficient
grounds for ruling out the occurrence at these locales of strong

earthquake ground motions similar to that experienced near Charleston

in 1886.

WORKSHOP PROCEDURES

The procedures used in the workshop were designed to enhance the interaction
between all participants and to facilitate achievement of the objectives. The

following procedures were used:

PROCEDURE 1: Research reports (listed below) and preliminary papers were
distributed to each participant at the workshop and used as basic

references. The reports included:

a) USGS Professional Paper 1028, ''Studies Related to the
Charleston, South Carolina, Earthquake of 1886--a Preliminary
Report."

b) USGS Professional Paper 1313, ''Studies Related to the
Char leston, South Carolina, Earthquake of 1886--Tectonics and
Seismicity'" (note: this report was published two weeks

before the workshop).

¢) USGS Professional Paper 1236, "Investigations of the New

Madrid, Missouri, Earthquake Region."

d) USGS Professional Paper 1240-B ''Facing Geologic and



e) USGS Open-File Report 82-220, '"Proceedings of the Workshop on
Preparing For and Responding to a Damaging Earthquake in the

Eastern United States."

f) USGS Open-File Report 83-157, "Proceedings of the Workshop on
Continuing Actions to Reduce Losses from Earthquakes in the

Mississippi Valley Area."

The technical papers were finalzed after the workshop and are contained in

Part Il of this publication.

PROCEDURE 2:

PROCEDURE 3:

PROCEDURE 4:

PROCEDURE 5:

PROCEDURE 6:

Scientists, social scientfsts, engineers, and emergency
management specialists gave oral presentation in ten plenary

sessions.

The objectives were to integrate research--hazard awareness--
preparedness knowledge and to define the problem indicated by the
session theme, clarifying what is known about the Charleston
earthquake and what knowledge is still needed. These
presentations served as a summary of the state-of-knowledge and

gave a multidisclipinary perspective.

The participants responded to the presentations of the speakers
and panelists, using questions posed to focus the discussion.

Discussion groups were convened following the plenary sessions to
generate recommendations for future research and mitigation

actions.

A scenario for the hypothetical '"Coalinga, South Carolina,
earthquake' was presented to introduce a ''crisis environment' and

a real-time dimension to the plenary discussions.

Ad hoc discussions on topics not addressed during the plenary and
small gfoup discussions added a spontaneous dimension to the

workshop.



PELNARY SESSIONS

The overall theme of the workshop was developed in ten plenary sessions.

The

themes, objectives, speakers, panelists, and discussion questions posed for

each session are described below:

SESSION 1i:

OBJECTIVE:

MODERATOR:

SPEAKERS:

SESSION 11

OBJECTIVE:

SPEAKER:

SESSION 111:

OBJECTIVE:

DISCUSSION
QUESTIONS:

MODERATOR:
RECORDER:

SPEAKERS:

SESSION 1V:

THE EARTHQUAKE THREAT

Presentations giving an overview of some of the most important
fundamental knowledge about the earthquake threat in the
Southeastern United States.

Leon Beratan

Otto Nuttli
Risa Palm

Leonardo Seeber
Ted Algermissen

"'COALINGA, SOUTH CAROLINA EARTHQUAKE"

Presentation of a hypothetical scenario to introduce a crisis
environment and a real-time dimension to the discussions.

Charles Thiel

EASTERN SEISMICITY WITH EMPHASIS ON THE CHARLESTON EARTHQUAKE:
PROGRESS, PROBLEMS, AND COMPETING HYPOTHESES

Presentations describing the state-of-knowledge concerning the
Charleston earthquake, important geological and seismological
data, the scientific and technical issues that need resolution,
and one or more of the various proposed tectonic models.

Is there yet a preferred or preferable tectonic model for the
Charleston earthquake?

What is the role of geological and/or seismological uniqueness
in the tectonic models or hypotheses for the Charleston
earthquake?

Are the currently available deep reflection profiles conclusive
or not?

Paul Pomeroy
Andrew Murphy
Car! Wentworth

Pradeep Talwani
Nick Ratcliffe

Leonardo Seeber
John Behrendt
Gilbert Bollinger

ROLE OF GEOLOGICAL AND GEOPHYSICAL INVESTIGATIONS IN EVALUATION
OF CRITICAL HYPOTHESES



OJBECTIVE:

DISCUSSION
QUESTIONS:

MODERATOR:
RECORDER:

SPEAKERS:

SESSION V:

OBJECTIVE:

DISCUSSION
QUESTIONS:

MODERATOR:

RECORDER:

Presentations recommending critical geological and geophysical
experiments to resolve questions concerning the Charleston
earthquake.

What is the origin of the stress field?

What .is the role of deep drilling to identify the causative
faults?

How significant is seismic reflection profiling, including
COCORP?

Can earthquake source parameters and mechanisms be specified
more accurately?

What information can be gained from potential field surveys?
Steve Brocoum

Tom Schmitt

Mark Zoback Greg Gohn
Kim Klitgord Leland Long
John Costain Roger Stewart

James McWhorter

ENGINEERING RESEARCH GOALS FOR EARTHQUAKE-RESISTANT DESIGN AND
PROBLEMS OF HISTORIC PRESERVATION

Presentations emphasizing earthquake-resistant design of
structures and problems of historic preservation, specifying
important technical and social issues and recommending
solutions.

Are the seismic design provisions of the current editions of the
various building codes (e.g., Uniform Building Code, BOCA, etc.)

reasonable and adequate for earthquake-resistant design of
buildings in the Southeastern United States?

Is the Applied Technology Council's 1978 model building code
more appropriate?

What kind of scientific and technical information is needed to
improve seismic design?

Is strengthening and retrofitting of existing buildings a viable
option?

Should earthquake resistance of single family dwellings be
improved?

William Hakala

Car! Simmons



SPEAKERS:

SESSION VI:

OJBECTIVE:

DISCUSSION
QUESTIONS:

MODERATOR:
RECORDER:

SPEAKERS

SESSION Vil

OBJECTIVE:

DISCUSSION
QUESTIONS:

MODERATOR:
RECORDER:

SPEAKERS:

SESSION Vii:

OBJECTIVES:

DISCUSSION
QUESTIONS:

James Nau 0. Clarke Mann
Edgar Leyendecker Roland Sharpe
Larry Kahn Fred Rossini

GOALS CONCERNING EARTHQUAKE HAZARD AWARENESS

Presentations citing important social issues, emphasizing hazard
awareness activities and results that can be transferred from
other geographic areas to the Southeast.

What is the current level of hazard awareness and concern in the
Southeastern United States?

What actions will improve awareness and concern substantially in
the next 5-10 years?

William Anderson

Ugo Morelli

Harry Lambright Steve Kinard
Joyce Bagwell Joanne Nigg
John Loss

DISASTER PREPAREDNESS

Presentations emphasizing the concept of multiple hazards
preparedness noting important societal issues and emphasizing
geographic areas that can be transferred to the Southeast.

What is the current state-of-preparedness in the Southeastern
United States?

Is it adequate?

What actions will improve the state-of preparedness
substantially in the next 5-10 years?

Richard Sanderson
Robert Scott

Charles Lindbergh Bill Bivins
Winn Carter

ROLE OF HISTORICAL SEISMICITY VERSUS TECTONICS AS INDICATORS OF
SEISMIC HAZARD

Presentations describing the roles of historical seismicity and
tectonics as antagonists and/or protagonists to indicate the
level of seismic hazard.

What is the role of historical seismicity (presence and absence)
as an indicator of seismic hazard?



MODERATOR:
RECORDER:

SPEAKERS:

SESSION IX

OJBECTIVE:

MODERATOR:

RECORDER:

SPEAKERS:

SESSION X:

OBJECTIVE:

SPEAKERS:

What is the role of aftershocks in the baseline of Charleston
seismicity?

Is recent seismicity the best indicator of seismicity in the
near-future?

How important is the role of tectonics in the evaluation of the
seismic hazard?

Bob Jackson

Dave Perkins

Leon Reiter Jim Devine
James Dewey Gilbert Bollinger
Pradeep Talwani Robin McGuire

Patrick Barosh

LARGE INTRAPLATE EARTHQUAKES (M OF 7.0 OR GREATER) AT OTHER
LOCATIONS: ANALYSIS AND COMPARISON WITH CHARLESTON

Presentations suggesting what can be learned from study of other
large intraplate earthquakes (e.g., New Madrid, La Malbaie,
Ottawa~Grand Banks, and Meckering) to resolve unresolved
technical issues concerning the 1886 Charleston earthquake.

Carl Stepp

John Armbruster

James Dewey Frank McKeown
Otto Nuttli Gabriel LeBlanc
Peter Basham Kevin Coppersmith

RESEARCH PLANS FOR THE FUTURE: INTEGRATED PLANS OF FEDERAL
AGENCIES AND OTHERS WORKING IN THE CHARLESTON REGION

Presentations describing current plans for research and other
activities in the Southeastern United States.

Ted Algermissen, U.S. Geological Survey

Andrew Murphy, Nuclear Regulatory Commission

William Anderson and Leonard Johnson, National Science
Foundation

Edgar Leyendecker, National Bureau of Standards

Ugo Morelli, Federal Emergency Management Agency

Ellis Krinitzsky, Corps of Engineers

Bill Seay, Tennessee Valley Authority

lan Wall, Electric Power Research Institute



DISCUSSION GROUPS: FOUR SIMULTANEOUS DISCUSSION GROUPS TO DEF INE CONCENSUS
AND TO RECOMMEND THE NEXT STEPS

Discussion Group 1: Results and Role of Current Seismicity--
Results of network investigations, depths, and focal mechanism.

Moderator: Pradeep Talwani, University of South Carolina
Recorder: David Amick, Ebasco Services
Stimulator: Susan Rhea, U.S. Geological Survey

Discussion Group 2: Results and Role of Geologic
Investigations--Stratigraphy, structure, quaterpary studies,
paleoliquefaction, and deep drilling.

Moderator: Robert Morris, U.S. Geological Survey
Recorder: Donald Caldweli, Golder Associates
Stimulator: Greg Gohn, U.S. Geological Survey

Discussion Group 3: Results and Role of Geophysical
Investigations--Reflection and refraction studies, potential
field studies, and stress measurements.

Moderator: Mark Zoback, U.S. Geological Survey

Recorder: Ina Alterman, U.S. Nuclear Regulatory Commission

Stimulator: |.W. Marine, E.l. Dupont Co. (Reflection
Studies)

Kim Klitgord, U.S. Geological Survey (Potential
Field Studies)

Discussion Group 4: Increasing Hazard Awareness and

Preparedness

Moderator: Norman Olsen, South Carolina Geological Survey
Recorder: Phyllis Sobel, U.S. Nuclear Regulatory Commission
Stimulator: Joyce Bagwell, Baptist College at Charleston

0. Clarke Mann, Consulting Engineer

SUMMARY OF RECOMMENDAT IONS

On the basis of the plenary sessions and the discussion groups, the

participants proposed the following recommendations:

1) The efforts of SCSSC, the South Carolina Geological Survey, and their
partners in the South Carolina Office of Emergency Services to
increase the awareness, concern, and state-of-preparedness in the

Southeast must be continued and strengthened.

2) USGS must continue their efforts to produce a synthesis of the
research to date and to devise an integrated research plan for Eastern

10



3)

3)

seismicity, giving top priority to clarifying and resolving technical

issues associated with the dozen or so seismotectonic models.

An integrated multidisciplinary research program must be continued by
USGS and NRC in order to obtain a complete understanding of the cause
of the 1886 Charleston earthquake within the regional tectonic

framework .

USGS, NRC, and NSF should work closely to formulate strategies, set
priorities, and encourage interest in the scientific/engineering

community for future research in the Charleston region.
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EVALUATION OF "THE 1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE
AND ITS IMPLICATIONS FOR TODAY"

by

Susan K. Tubbesing
University of Colorado
Boulder, Colorado 80309

Evaluations returned by approximately 80 participants in the '"Workshop on the
1886 Charleston Earthquake and Its Implications for Today,' held in
Charleston, South Carolina, May 23-26, 1983, indicate that the workshop was a
success by nearly all measures. First we will look at the responses from the
entire group. Then we will examine responses provided by specific groups of
participants: physical scientists, a group comprised of geologists,

geophysists, and seismologists; engineers; federal decisionmakers; social
scientists and historians; and, finally, State and local officials.

The attached sample questionnaire, Figure 1, provides a breakdown of responses
of those 78 individuals who returned a legible evaluation sheet. The
conference had several goals: to define the state of knowledge about
geologic, engineering and societal aspects of the 1886 Charleston earthquake
in the context of eastern seismicity; to identify the most important
scientific, technical, and societal issues arising from the 1886 Charleston
earthquake; to assess earthquake-resistant design of buildings and critical
facilities, and earthquake hazard reduction preparedness in the Eastern United
States; to recommend research and implementation actions to resolve the most
important issues; and finally to identify possible resources for future

research and action.

Nearly 90% of those who participated in the evaluation agreed that the
workshop was useful in defining the state of knowledge, particularly about
geologic aspects of the 1886 event. Approximately 70% of those who submitted
an evaluation felt that the workshop was successful in identifying and
discussing the most important scientific, technical, and societal issues

arising from the 1886 event, with regard to earthquake-resistant design of
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FIGURE 1
COMBINED RESPONSES*

WORKSHOP ON THE 1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE
AND ITS IMPLICATIONS FOR TODAY"
MAY 23-26, 1983

Yes

1. Did you find the conference to be useful for:

a.

go

defining the state-of-knowledge about geologic, engineering,

and societal aspects of the 1886 Charleston earthquake in

the context of eastern seismiCity?ececesssesccesssssascsonsscsscas 70
identifing and discussing the most important scientific,

technical, and societal issues arising from the 1886

Charleston earthquake and earthquake-resistant design of

buildings and critical facilities, and earthquake hazards

reduction preparedness, in the Eastern United States? .....cecee.. 5h

recommending research and implementation actions to resolve
the mst imortant issues?.'...l.."00‘."...0".'..'0.0‘......... 33

Identifing possible resources for future research and
i"p]ementation actions?‘...............0.‘.".‘..‘....0..‘0I‘I.‘.. hh

the conference benefit you or your organization by:

providing new sources of information and expertise you might
want to utilize in the future?...ciceeeeseccceconsssoconccssnsness U6

establish better understanding of the problems faced by
researchers and decisionmakers?..ceeeeeeescescosessccsossvssccneses 58

you find the following activities useful:

panel diSCUSSIONS.ceesesosesossossaseosssnsesassssssssssn-ssssssans DI
special report of post earthquake investigation teams.......c..... U5
small group diSCUSSIONS.eeeecesrsesesssessoscssosssassasnscsnssaecs 72
adhoC diSCUSSiONSeeeeeeseecesssssssossssasssssscssasssssssssssssss 03
notebooks and abStractS.eeeeeecescccssssecssccssosssscsssssssssees 03

conference proceedings (to be published in about 5 months)........ 66

L. If the clock were turned back and the decision to attend the
conference or not were given you again, would you want to attend?..... 68

5. Should other conferences of this type be held in the future?.......... 75

* Totals may vary as not all respondents answered all questions.
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24
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26

26

19

17
20
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buildings and critical facilities and earthquake hazards reduction
preparedness in the Eastern United States. The workshop was judged least
successful in recommending fuwdre research and implementation actions to
address the most important research and mitigation issues. Only one-third of
those who took part in the evaluation judged the workshop successful in this
area. Over half of the participants, however, did think that the workshop was
successfui in identifying possible resources for future research and
implementation actions. Over half of the participants felt that the workshop
provided new sources of information and expertise. And the workshop seemed to
be particularly successful in providing a better understanding (to 74% of the

respondents) of the problems faced by researchers and decisionmakers.

With regard to the organizational aspects of the conference, 75% of the
respondents felt that the panel discussions were useful. Only a little more
than half felt that the special report on the post-earthquake investigation
team of Coalinga was valuable. However, there was nearly unanimous support
for the use of small group discussions. Similarly, ad hoc discussions were

rated quite high, as were the notebooks and abstracts compiled before the
conference. In general, participants seemed positive in evaluating the
workshop; nearly 90% would have attended had they known what to expect
beforehand, and 96% felt that a similar workshop should be held in the future.

Very detailed and useful comments were submitted by nearly all of the
participants, and a number of valuable suggestions were made. We will look at
these by group, beginning first with comments provided by the physical

scientists.

PHYSICAL SCIENTISTS

Over half of the evaluations were submitted by physical scientists, since they
were the majority in attendance. These scientists overwhelmingly felt the
workshop was successful in defining the state of knowledge about the 1886
Charleston earthquake and in identifying the important scientific issues
surrounding that event. Nearly all of them favor future similar meetings and
were pleased to have attended this one. Although more than half of those

submitting evaluations felt that the workshop did not recommend research or
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actions, this group of participants was the most generally positive about the

workshop's accomplishments (see Figure 2).

Suggestions were offered to improve future gatherings. Several noted that
plenary sessions contained too many formal presentations, and insufficient
time for discussion either among panelists or with the larger group. Several
respondents were concerned that the scientific discussions failed to provide
the kind of consensus which would have been useful to the engineering and
management participants. They urged that future gatherings attempt to present
conclusions along with the implications so that social scientists, engineers,
and planners might incorporate this information into their programs. Others
noted that the concurrent small groups prevented interdisciplinary
discussions, and suggested mixing participation in the future. Many felt that
future conferences should be kept smaller to encourage more effective exchange

of ideas.
ENGINEERS

Although the engineers in attendance rated the workshop favorably in its
definition of the state of knowledge about the 1886 event, they were nearly
unanimous in their criticism that the workshop was too heavily geared to
geologists, geophysists, and seismologists. For those with an interest in
addressing earthquake mitigation problems, the workshop did not give
sufficient attention to such issues as earthquake-resistant design and other
earthquake engineering challenges. However, the engineers were unanimous in
their support for further conferences, modified to include more engineering

aspects and fewer highly technical plenary sessions (see Figure 3).

FEDERAL DECIS|ONMAKERS

Among those taking part in the workshop were representatives of several

federal agencies--the Federal Emergency Management Agency (FEMA), the Nuclear
Regulatory Commission (NRC), the Tennessee Valley Authority (TVA), the Corps
of Engineers (COE), and the U.S. Geological Survey (USGS). This group, more
than any of the others, expressed frustration with the absence of scientific

consensus and conclusions. Although these participants were favorable in
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Did

Q.

g.

FIGURE 2
PHYSICAL SCIENTISTS

WORKSHOP ON THE 1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE
' AND ITS IMPLICATIONS FOR TODAY"

MAY 23-26, 1983
you find the conference to be useful for:
defining the state-of-knowledge about geologic, engineering,
and societal aspects of the 1886 Charleston earthquake in the
context of eastern seismiCityl.iciiiieeaaastatecencsnsocsennsssanne
identifing and discussing the most important scientific,
technical, and societal issues arising from the 1886
Charleston earthquake and earthquake-resistant design of
buildings and critical facilities, and earthquake hazards
reduction preparedness, in the Eastern United States? ...cieceanns

recommending research and implementation actions to resolve
the most important issues?....ciceiecieiincectnccctnccnsnenccnnnns

ldentifing possible resources for future research and
implementation aCtionNsS?.ceeeeceetestsetosesstoscssosscsscsssssccnnnne

the conference benefit you or your organization by:

providing new sources of information and expertise you might
want to utilize in the future?..iiiiieieesseessccssscessssnsscnnsns

establish better understanding of the problems faced by
researchers and decisionmakers?...cieeseeecctoassccasasssscanasans

you find the following activities useful:

panel BiSCUSSIOMSaearasensesenseseassseesssssssnssscssssssssnannas
special repoft of post earthquake investigation teamS....ceeeseess
small group diSCUSSIONS.ciereeteessesonssenssassesssnsssssnssnsansas
adhoC diSCUSSIONSccieetseestsesseetsstssssssssssssssssssssssnssanns
notebooks and abstracts.eciieereeeicieetteittcnesscesscccsscnssnnans

conference proceedings (to be published in about 5 months)........

If the clock were turned back and the decision to attend the
conference or not were given you again, would you want to attend?.....

Should other conferences of this type be held in the future?..........

16

Yes

39

29

18

21

24

30

33
28
39
34
32
32

39
43

No
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21

14
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FIGURE 3
ENGINEERS

WORKSHOP ON THE 1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE AND
ITS IMPLICATIONS FOR TODAY"
MAY 23-26, 1983
Did you find the conference to be useful for:
a. defining the state-of-knowledge about geologic, engineering,
and societal aspects of the 1886 Charleston earthquake in the
context of eastern seismicity?.ieeeeesseesosssencsseccssossssnnnnss
b. identifing and discussing the most important scientific,
technical, and societal issues arising from the 1886
Charleston earthquake and earthquake-resistant design of
buildings and critical facilities, and earthquake hazards

reduction preparedness, in the Eastern United States? ...cccevveee

c. recommending research and implementation actions to resolve
the most important 1SSUEST.ieeeeeesesssesacccssossccsasssssosnsnsnsns

d. ldentifing possible resources for future research and
imp'emntation actions?....0..........'..0.00.‘..‘0..0...'........

Did the conference benefit you or your organization by:
a. providing new sources of information and expertise you might
want to utilize in the future?....ivcieeeeeeesssnneosnssssscacsosnass

b. establish better understanding of the problems faced by
researchers and decisionmakers?.ceieecsecsossososesossoncsasosscnsse

Did you find the following activities useful:

a. panel diSCUSSIONS.esteeesessssenssnssssssssssassncsssssssncssssscs
b. special report of post earthquake investigation teamS....ceoeeeeee
Cc. sSmall group diSCUSSIONS.ceeecesorscncsconscossssssssscsssosssssscssces
d. adhoc diSCUSSIONS..ccieeecsoscceoccscscsesssscsscassssscnossssssocsnse
e. notebooks and abstraCts.ccceeeccececeescssecocossscnoossscscccnses
g. conference proceedings (to be published in about 5 months)........

If the clock were turned back and the decision to attend the
conference or not were given you again, would you want to attend?.....

Should other conferences of this type be held in the future?..........

17

Yes

10

5

11

10

10

1

10

1
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their evaluation of the achievements of the workshop in defining the state of
knowledge and identifying important scientific, technological, and societal
issues, they felt the workshop failed to provide new sources of information.
In their opinion, it especially failed to recommend new research, specifically
actions that could be taken to improve earthquake hazard reduction (see Figure
L), Many of these participants thought the long plenary sessions were far too
technical, and should have been treated as concurrent sessions aimed
specifically at the technical experts in the group rather than at the entire
audience. Several of the federal representatives suggested that if future
workshops were held, they should be smaller and care should be taken in
designing plenary sessions to reflect the concerns of the entire group. Many
recommendations were made for greater opportunity for both formal and informal

discussion.

SOCIAL SCIENTISTS AND HISTORIANS

Proportionately the most negative reactions to the workshop content and format
were registered by the social scientists who participated. Many indicated
that the workshop seemed successful in defining the state of knowledge about
geologic aspects of the 1886 earthquake, but failed to define the state of
knowledge about engineering and, certainly, the societal aspects of this
event. Similarly, these participants felt that although the workshop
identified important scientific and technical aspects of the 1886 quake, it

did little to illuminate societal issues.

Nearly half of the participants would not have attended the conference had
they known what to expect, and nearly all of them suggested that should future

conferences be held, they should be modified significantly (see Figure 5).

Comments from this group were numerous. Future workshops should not try to
address such a broad range of participants with highly technical topics.
Technical sessions might better have been held as concurrent sessions rather than
as plenary sessions. The plenary sessions were very large and had many technical
presentations that prevented discussion and questions from the other groups in
attendance. When participants were divided into smaller groups and segregated by
discipline-~engineers, social scientists, and physical scientists each going to

separate sessions--the exchange of ideas was further hindered.
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FIGURE 4
FEDERAL DEC!SIONMAKERS*

WORKSHOP ON THE 1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE
AND ITS IMPLICATIONS FOR TODAY'"
MAY 23-26, 1983
Did you find the conference to be useful for:
a. defining the state-of-knowledge about geologic, engineering,
and societal aspects of the 1886 Charleston earthquake in the
context of eastern seismiCity?.eeeeeenesssssnssssssnssssssssnssssa
b. identifing and discussing the most important scientific,
technical, and societal issues arising from the 1886
Charleston earthquake and earthquake-resistant design of
buildings and critical facilities, and earthquake hazards
reduction preparedness, in the Eastern United States? ....cevevese

c. recommending research and implementation actions to resolve
the most important isSUESTicseececessccssessensossssoscnsnssssssnss

d. Identifing possible resources for future research and
implementation actions?.eeeeseeecsasssessosssenssossensnssnsacnssa

Did the conference benefit you or your organization by:

a. providing new sources of information and expertise you might
want to utilize in the future?....ccveeversessessessossnssnssnsons

b. establish better understanding of the problems faced by
researchers and decisionmakers?...cceeeosecsceessnosssossssnsssnsss

Did you find the following activities useful:

@, panel disCUSSIONS.ceesssosnssssesassaccsassssssasessssssssssssssss
b. special report of post earthquake investigation teams...ceoeeecesss
c. small group disSCUSSTONS.ceeeeressssssessacsssssssssscsssssassasses
d. adhoc diSCUSSIONS..eererresresessnssossnasessnsessssssassosnoansss
e. notebooks and abstracts......ceevvereernossossosesssnsonssescasnss
g. conference proceedings (to be published in about 5 months)........

{f the clock were turned back and the decision to attend the
conference or not were given you again, would you want to attend?.....

Should other conferences of this type be held in the future?..........

*Includes NRC, FEMA, EPRI, TVA, and Corps of Engineers representatives.
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FIGURE 5
SOCIAL SCIENTISTS & HISTORIANS

WORKSHOP ON THE 1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE
AND ITS IMPLICATIONS FOR TODAY"
MAY 23-26, 1983

Yes
you find the conference to be useful for:

defining the state-of-knowledge about geologic, engineering,

and societal aspects of the 1886 Charleston earthquake in the
context of eastern seismicityleeeeeeeseececenssnssscansssssnsanesd
identifing and discussing the most important scientific,
technical, and societal issues arising from the 1886

Charleston earthquake and earthquake-resistant design of

buildings and critical facilities, and earthquake hazards
reduction preparedness, in the Eastern United States? ..cccececeel

recommending research and implementation actions to resolve
the mst imortant issues?ol...l.ll.......l.....O.........l....loz

Identifing possible resources for future research and
implementation aCtionS?..eceeecacescavsscacsscssscososcsnssossessd

the conference benefit you or your organization by:

providing new sources of information and expertise you might
want to uti]ize in the future?..l‘.l.Il.....l............0.......2

establish better understanding of the problems faced by
researchers and decisionmakers?...eceeesecessccassccacsnsasnonsseel

you find the following activities useful:

Panel diSCUSSIONS.eeeecesasencsssssccassssscnossssssanssssssanensl
special report of post earthquake investigation teams.....ceeess.l
small group diSCUSSiONS.caceeccascceacsnnsasncsscsssoscacasssnsncannced
adhoC diSCUSSTONS.eeeretaececascasecscssssssssssnssccosscancanaach
notebooks and abstractS.ceescecscessecssecascsasacssccsscnsncasadlt

conference proceedings (to be published in about 5 months).......5

If the clock were turned back and the decision to attend the
conference or not were given you again, would you want to attend?....3

Should other conferences of this type be held in the future?.........3
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The social scientists urged that future workshops be designed to provide
greater opportunities to address specific programs of hazard mitigation.
Several social scientists made the observation that although both the plenary
and concurrent engineering and geoscience sessions were fiiled with highly
trained participants, the social science sessions dealing with awareness
contained only two or three actual research scientists; the others came
primarily from the management area. This particular mix hindered theoretical
discussion in the awareness sessions. The suggestion was made that a larger
number of social scientists be involved in future meetings in order to build
upon existing research, rather than to simply reiterate well-understood
theoretical concepts regarding awareness and mitigation activities.
Furthermore, because the scientists and engineers were in other sessions, it
was difficult for productive planning to go forward in their absence. Several
of the social scientists expressed frustration at the lack of opportunity for

discussion about advancement in conceptual research considerations.

STATE AND LOCAL OFFICIALS

The few State and local officials were almost uniformly positive in their
evaluations of the workshop. This category included one State planner, a
State geologist, a State emergency services official, and two local public
works officials. They urged that more emergency services personnel be
included in future workshops, and that opportunities for discussion of

improving public awareness be expanded (see Figure 6).
CONCLUSIONS

The majority of participants in the workshop judged it to be successful in
defining the state of knowledge regarding the 1886 Charleston earthquake, and
in identifying and discussing important related scientific and technological
issues. With its highly technical, formal plenary presentations, the workshop
provided valuable information to members of the geoscience community. It was
somewhat less successful in identifying implications for planning and
mitigation actions. Care should be taken in planning future meetings to
define the central purpose and to keep that in mind in shaping the participant
group. Mixing highly technical matter with policy and management concerns may

result in an unwieldy program.
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FIGURE 6
STATE & LOCAL OFFICIALS

WORKSHOP ON THE 1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE
AND ITS IMPLICATIONS FOR TODAY"
MAY 23-26, 1983

Yes
you find the conference to be useful for:

defining the state-of-knowledge about geologic, engineering,

and societal aspects of the 1886 Charleston earthquake in the
context of eastern seismicity?eeeeccsscecessescessnssnsssccnssssssd
identifing and discussing the most important scientific,
technical, and societal issues arising from the 1886

Charleston earthquake and earthquake-resistant design of

buildings and critical facilities, and earthquake hazards
reduction preparedness, in the Eastern United States? ....eeeveesb

recommend ing research and implementation actions to resolve
the mst imortant issues?.............I.....Ill......l.....l....h

Identifing possible resources for future research and
im'emntation actions?.'."D"...".'D'...'."D"."..‘.....O.'.S

the conference benefit you or your organization by:

providing new sources of information and expertise you might
want to utilize in the future?..'..'D'OD'.D'ODIOD.ID.'D'.DOOD'OD'I'

establish better understanding of the problems faced by
researchers and decisionmakers?..cceseesessessscssssssnssssssnsesh

you find the following activities useful:

panel disCUSSIONS.cetessssssesnsscssssssssssssccccnsnsssssssssensed
special report of post earthquake investigation teamS......cees..lt
small group disCUSSIONS.ceesssesssccsnsssosnsssnsssssnsssssssnssensl
adhoc diSCUSSIONS.s.eecenssnnsseessensssnsssnsssnnsssnsssennssnssl
notebooks and abstracts..cicceesecsscssecccsnssnsceassessnssnsnnssd

conference proceedings (to be published in about 5 months).......h

If the clock were turned back and the decision to attend the
conference or not were given you again, would you want to attend?....5

Should other conferences of this typé be held in the future?.........5
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A number of recommendations follow for future workshops:

1)

2)

3)

b)

Highly technical sessions devoted to one group of participants are best
handled in concurrent rather than in plenary sessions.

Plenary sessions should provide adequate opportunities foi questions and
discussion from the larger group.

Efforts should be made to increase the role of small group discussions;
small groups encourage greater interaction and exchange of ideas than do
plenary sessions.

Broad interdisciplinary participation in small groups should be encouraged,
and care taken that concurrent sessions do not compete for the same
audience.

23



SUMMARY OF DISCUSSION GROUP 1
RESULTS AND ROLE OF CURRENT SEISMICITY IN UNDERSTANDING
THE 1886 CHARLESTON, SOUTH CAROLINA EARTHQUAKE

by

Moderator: Pradeep Talwani, University of South Carolina
Recorder: David C. Amick, Ebasco Services Incorporated
Stimulator: Susan Rhea, U.S. Geological Survey

INTRODUCTION

Discussion Group 1 examined results of network investigations, depths, and
focal mechanisms of earthquakes in the region. The discussion group
stimulator, Susan Rhea, opened the session with a discussion of the epicentral
and hypocentral distribution as well as focal plane solutions published by
several investigators who have evaluated the instrumental data available for
the Charleston area.

The moderator then charged the group with 1) assessing the results of the
previous seismic network investigations in the Charleston area and 2) defining
the role of the seismic network in the future. Discussion centered primarily
around the quality of the instrumental seismic data collected over the last 10
years and its limitation in determining the seismogenic source of the 1886

Charleston earthquake.

The discussion indicated that there is a wide range of opinion of the quality
of existing instrumental data and its applicability to the identification of
the source of the 1886 event. Nonetheless, the discussion group did reach a
consensus on several issues regarding the interpretation of results obtained
from recent instrumental data. Collectively, the group made several
recommendations regarding the role of seismic networks in future

investigations.
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GROUP_CONSENSUS

The Webster's dictionary defines consensus as: ''a general agreement or the
judgement arrived at by most of those concerned''. Therefore, the existence of
a minority opinion is expected and is acknowledged. The following consensus
statements are given as phrased and approved by the discussion group.
Following each statement a brief discussion explains its possible implications
on the question of evaluating seismic risk in the Eastern United States. The
contents of this report were presented by the recorder to the entire workshop

on May 26, 1983, as part of the discussion groups summary reports.

Consensus No.l

The current earthquakes that occur at Charleston are not aftershocks of the
1886 event. This suggests that there is a local structure at Charleston that

is the source of the continued seismic activity.

Implicaticns:

This is an important observation and one with several possible implications.
First, several authors had suggested that because the instrumentally recorded
seismicity at Charleston may be aftershocks of the 1886 event, their spacial
distribution and source mechanism may reflect perturbations in the local
stress field brought about by deformation associated with the 1886 event.
Therefore, the hypocenters and focal mechanisms derived from these events may
not necessarily identify the seismogenic source or causative mechanism of the
1886 event. Now, however, one could infer, based on the group's consensus,
that since the instrumentally documented seismicity is not aftershocks of the
1886 event and since it is located in close proximity to the mezoseismal area
of the 1886 event, its spacial distribution and focal mechanisms should aid in
the identification of the causative structure and source mechanism of the 1886
event. Another implication that could be drawn is that since the
instrumentally documented seismicity is not aftershock activity of the 1886
event, then it identifies a seismogenic source which exhibits a background
level of seismicity in excess of the normal regional seismic flux. Taking

this a step further it could be suggested that areas that may represent
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potential sources similar to the Charleston source should also be associated

with similar levels of background seismicity.

Consensus No.2

The hypocentral distribution of the instrumentally located seismicity at
Charleston defines nearly vertical zones of activity. It does not support
seismic activity along a horizontal or subhorizontal plane. The decollement
structure suggested by some authors to be the source of 1886 event is not a
preferred model. However, the possibility exists that aseismic movement along
a decollement structure at depth could be a driving mechanism for the observed

activity along steeply dipping planes shallower in the crust.

Implications:

There are several implications that can be drawn from these observations.
First, and foremost, the consensus suggests that deterministic seismic risk
studies in the Eastern United States should not model a subhorizontal
decollement structure as a seismogenic source capable of generating great
thrust or backsliding events. Second, although the group acknowledged that
activity appears to be taking place along nearly vertical planes, the
qualification that this movement may be in response to aseismic deformation
along a subhorizontal structure suggests that suitably oriented vertical zones
of weakness in the crust of the Eastern United States should possibly be

modeled as capable structures in deterministic seismic risk studies.

Consensus No.3

The causative fault of the 1886 event has not been unequivocably identified.
This statement is based on the observation that the distribution of
hypocenters fail to unequivocably define a clear seismogenic structure.
Comments from the group indicate that although composite focal mechanisms
solutions have been published, and when interpreted together with hypocentral
data tend to identify seismogenic structures, the focal plane solutions in and
of themselves are nonunique. The ambiguity in the focal plane data is due to

1) the questioned validity of the clustering or grouping of events used in the
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composite solutions, 2) the observation that the impact of heterogeneities in
the lateral velocity may not have been adequately taken into account during

the modeling of first motion data.

Implication:

In the absence of reliable focal plane data which can be used to determine the
orientation of the maximum principle stress in the region, a critical
evaluation of the relative merits of the various models proposed to explain

the causative mechanism of the 1886 event is extremely difficult.

RECOMMENDAT | ONS

The group suggested that the Charleston seismic network be upgraded from the
present narrow band analog single component system to a broad band digital
system incorporating three component borehole sites. The present network was
designed under the assumption that the rate and level of seismicity at
Charleston would be significantly greater than that recorded over the past 10
years. A broad band digital network would have a significantly lower
detection threshold thus ircreasing the data set available for study, making
it possible to determine single-event focal plane solutions with input not

only from first motion data but also data on S wave polarity and Sv/P ratios.

It was also suggested that the network be calibrated to provide input to
attenuation studies, which will be needed if a realistic probabilistic
evaluation is to be carried out. Finally, the group suggested that the goals
of the network be set to: 1) delineate the source of the present seismicity
and 2) determine focal plane solutions in order to define the orientation of
principal stress. These advances would provide a means to evaluate the

var ious models proposed as a source of Eastern United States seismicity.
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SUMMARY AND RECOMMENDATIONS OF DISCUSSION GROUP 2:
RESULTS AND ROLE OF GEOLOGIC INVESTIGATIONS

by
Moderator: Robert H. Morris, U.S. Geological Survey
Recorder: Donald M. Caldwell, Golder Associates

Stimulator: Gregory S. Gohn, U.S. Geological Survey

INTRODUCTION

About fifty persons representing academia, geologic research institutes,
consulting firms, and State and Federal government agencies participated in
discussion Group 2. The group concluded that the roles of geologists in
earthquake studies include: providing basic geotechnical data for direct use
by engineers in the design and construction of major facilities; providing
geologic information to seismologists who, in turn, apply these data for
interpreting the location, frequency, and size of past and future earthquakes;
and utilizing geologic data, in conjunction with geophysical data, to

formulate and test seismotectonic models.

ROLE OF GEOLOGIC INVESTIGATIONS

In order for geologists to fulfill these roles, the group noted the necessity

of having an adequate geologic data base that includes the following:
1) Geologic maps. Regional maps should be at 1:250,000 or 1:125,000
scale; local or site-specific maps should be at 1:24,000 scale; all

maps should be compiled on appropriate modern topographic bases.

2) An understanding of the regional tectonic history and structural

setting.
3) A comprehensive regional and local stratigraphic framework.

4) Hydrologic surveys of the subsurface water regime.
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PRESENT STATE OF KNOWLEDGE

To evaluate our present state of knowledge of the Charleston, S.C., region,

the existing geologic data were inventoried. These include:

1)

2)

3)

b)

5)

6)

7)

Existing geologic maps at 1:250,000 scale showing the distribution of
geologic units as defined in several hundred shallow (30~ to 100-foot

deep) auger holes.

Geophysical surveys of aeromagnetic and gravity data on a regional
scale, refraction profiles, and reflection profiles ranging from deep
(COCORP) to intermediate and shallow penetration.

Seismologic data from the historic record and a catalog of modern
seismicity based upon the regional Southeastern United States seismic
network and the more locally deployed Charleston, S.C., network,

which has been functioning since 1973.

Regional reconnaissance mapping of the Atlantic Coastal Plain
southward from North Carolina; regional subsurface stratigraphic data
obtained from drill holes at Britton's Neck, St. George, and
Clubhouse Crossroads; numerous drill holes in the Savannah River
Plant area; various municipal water wells; and various geologic
reports for the Savannah River Plant and the Vogtle Nuclear power

plant site in adjacent Georgia.

Additional geologic data such as geochemical, petrologic, and

paleontologic analyses of subsurface units.
Regional hydrocarbon-resource studies of the Continental Shelf that
contain marine seismic-reflection profiles and interpretive reports

and stratigraphic data for the few offshore stratigraphic test holes.

A growing data bank resulting from various doctoral theses and other

academic reports.
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The group discussed the adequacy of the existing data and noted that the new
USGS geologic maps (at several scales) are excellent in their depiction of
surficial and shallow-subsurface geology. However, a series of deeper drill
holes would be needed to extend our knowledge downward in an effort to
delineate, through integration with geophysical data, the configuration of the

deeper subsurface geology.

There was a recognition of a number of potentially limiting factors regarding
detection and mapping of Cenozoic faults in the Atlantic Coastal Plain. These

are:

1) To date, no active surface fault rupture has been recognized in the

Eastern United States.

2) Anticipated late Cenozoic fault slips of one meter are difficult to
detect in coastal areas due to erosion of surficial deposits and
modification or masking of surficial features by vegetation and

cultural development.

3) The cut-and-fill history of Cenozoic depositional units could easily

mask young faults.

L) The interpolated fault-movement rate of one meter per million years
may not be valid because the rate is derived from net vertical offset
and exposures of opportunity which may not represent the average or

extreme value of slip.

5) The results of seismic reflection surveys need to be refined and
extrapolated to shallow depths. Any structures recognized in the
seismic profiles should be particular targets of opportunity for
detailed subsurface investigations or trenching where feasible. Some
newly developed geophysical techniques such as ground-penetrating
radar and electrical resistivity may be useful in delineating near-
surface structures. Emphasis should be placed on determining the

youngest recognizable fault offset, recurrence rates, and nature of
offset. The group recognized that there is a growing body of
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evidence for Cenozoic faulting in the southeastern Coastal Plain.

The Belair, Strafford, Brooks, and similar structures are
characterized by reverse movement, moderate displacement, and offset
rates of about 1 meter per million years. These faults trend NNE and

many appear to be related to older faults.

The group recognized that there may or may not be a direct relationship of
shallow faults to the deeper source structures. If the interpretation of

Dr. Otto Nuttli is correct that the probable epicenter of the 1886 Charleston
event was about 20 km deep, there may not necessarily be a direct relation to
the present shallower seismicity or to shallow structures such as the Cooke or
Gants faults. Futhermore, it was pointed out (by Dave Prowell, U.S.
Geological Survey) that Cenozoic faults have been found where: 1) Paleozoic
faults are present, 2) Mesozoic faults are present, and 3) no earlier faults
are recognized. Consequently, there may not be any ''preferred" structures for

reactivation in terms of age or type of displacement.
FUTURE WORK

There was an overwhelming consensus that a synthesis of presently available
data should be the primary objective of the moment. The synthesis should
incorporate an evaluation of the various proposed tectonic models and

recommendations as to how such models could be tested and verified.

It was recommended (by Nick Ratcliffe, U.S. Geological Survey) that structural
investigations should be focused on areas where we have: 1) good instrumental
data on earthquakes, 2) a means of tracing structure to the surface (i.e.
seismic reflection records), and 3) access to rocks similar to those at
hypocentral depths. This recommendation would lead to concentrating efforts
in areas like central Virginia and central New Hampshire. The expectation was
also expressed that these investigations will result in recognition of

multiple causes and faults as candidates for seismic sources.

Now that a good basic geologic map is available, an engineering geologic map

should be compiled that would include:
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1)

2)

3)

L)

The distribution of 1886 sand blows.

The distribution of soil types and their potential for liquefaction

or failure.
The geotechnical properties of surficial materials.
A re-examination and interpretation of the effects of the 1886

earthquake as recorded by Dutton in light of the foregoing

engineering map.

Stress measurements should be continued with the ob jective of better defining

stress provinces. Improved knowledge of the modern stress regime would help

to delineate those structures with the highest potential for movement under

that regime.

Addtional studies which might be investigated include:

1)

2)

3)

k)

5)

Geodetic surveys to assess recent deformation.

Geomorphic studies aimed at identifying tectonic effects through
analysis of the distribution of Quaternary sediments, drainage

patterns, and changes in sea level.

Hydrologic studies that incorporate the body of data available in
State and USGS Water Resources Division files. These data would be
relevant to studies of regional aquifers, the piezometric surface,

and chemical anomalies related to structure.

Studies of fault properties, specifically those properties which

might control slip under varying conditions of stress.

Studies of paleoliquefaction features. Knowledge of the ages of
seismically induced, pre-1886 sand blows and related phenomena would
be important in determining the recurrence interval of major

earthquakes in the Charleston region.
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The group emphasized the necessity for integrated multidisciplinary programs
to perform the research. Hence, seismic-reflection, seismic-refraction,
gravity, and magnetic surveys (including paleomagnetics) and earthquake-

monitoring studies should also be conducted.

Questions which are important but not specifically addressed by the

recommendations of the group are:

1) What are the individual roles (if any) of high-angle reverse faults,
strike-slip faults, and low-angle faults in producing large

earthquakes.

2) What investigations can be performed to learn about processes acting
at hypocentral depths?

3) How can we explain why some faults have apparently moved over long

periods of time and others (even some which are similarly oriented)

have not?
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SUMMARY OF AND RECOMMENDATIONS OF DISCUSSION GROUP 3:
RESULTS AND ROLE OF GEOPHYSICAL INVESTIGATIONS; REFLECTION
AND REFRACTION STUDIES, POTENTIAL FIELD STUDIES,

AND STRESS MEASUREMENTS

Moderator: Mark Zoback, U.S. Geological Survey
Recorder: Ina Alterman, U.S. Nuclear Regulatory Commission

Stimulator: |. W. Marine, E.l. Dupont Company

INTRODUCTION

Recent seismic reflection profiles in the Southeastern United States and in the
Charleston area have been quite successful. The major decollement beneath the
Appalachians discovered by seismic reflection profiling has dramatically changed
interpretation of the geoloegic history of the Eastern United States. The
decollement was developed during continental collision after closure of the
proto-Atlantic in Paleozoic time. Although several investigators have tried to
establish an association between the Charleston earthquake and this decollement,
several lines of evidence suggest that the decollement is not currently active.
The Charleston reflection profiling has uncovered several northeast trending
faults in the area and defined the location of Triassic Basins. There is no
clear association, however, between the faults and either the 1886 Charleston
earthquake or the on-going seismicity in the area. One major problem has been
the inability to shoot lines in optimal locations because rivers and swamps make
critical areas inaccessible. Two types of seismic reflection work in the
Charleston area is recommended for the future - high resolution profiles to
search for offsets in shallow, young sediments, and deep crustal profiles to

define large-scale structures.

Also recommended for defining large-scale structures in the Charleston area was
extensive deep crustal seismic refraction studies. An important additional
benefit of such work is that improved knowledge of crustal structure and seismic
velocities will contribute to much more precise earthquake epicenter and focal

mechanism determinations.
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structures. Unfortunately, one feature that has been 'pointed at'' by such data,
oceanic fracture zones, have been badly misinterpreted by some investigators with
respect to their possible relationship to current seismicity near Charleston and
other areas in the East. %Jceanic fracture zones are not large-scale active
faults. Instead, the fracture zones are active only for brief periods when they
act as transform faults along offset segments of the oceanic ridge system. The
fracture zones extending across the western Atlantic seafloor are simply markers
of past activity which represent growth of the seafloor. Thus, hypotheses that
suggest that such features are currently active and responsible for contemporary

seismicity are probably incorrect.

RECOMMENDAT 1 ONS

It was recommended that more information be gained about the in-situ stress field
in the Charleston area and throughout the Eastern United States. Understanding
the origin of the forces responsible for eastern earthquakes is as important as
knowing about the faults along which the earthquakes occur. In order to assess
seismic hazard along the eastern seaboard it is crucial to answer several

questions about the in-situ stress field:

1) Is the stress field in the Eastern United States similar to that in the

Central United States?

2) Do structures similar to that found in the New Madrid area exist and are

they likely to be activated in the current stress field?

3) Are there possibly unique aspects of the stress field which control the

location of large intraplate earthquakes?

L) Does the same stress field act throughout the Eastern United States? If
so, does it mean that Charleston type earthquakes might occur elsewhere

along the eastern seaboard?

In order to answer these provocative questions, more and better data are needed

throughout the region on the in-situ stress field.
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SUMMARY AND RECOMMEDNATIONS OF DISCUSSION GROUP 4:
INCREASING HARARD AWARENESS AND PREPAREDNESS

Moderator: Norman K. Olson, South Carolina Geological Survey
Recorder: Phyllis Sobel, U.S. Nuclear Regulatory Commission
Stimulator: Joyce Bagwell, Baptist College at Charleston

INTRODUCTION

The objectives of Discussion Group 4 were: 1) To develop strategies for
increasing the awareness concern part of our topic more or less equally with the
preparedness aspect, and 2) to produce a consensus, by the end of the two-hour

session, on the significant points and relevant responses to each.

Each stimulator presented a brief preamble to initiate discussion by the audience
of approximately 30. The discussion was aided considerably by the leaders and
panelists from Session Ill, Goals Concerning Earthquake Hazard Awareness and
Preparedness. Professor Bagwell narrated some of her experiences in the
Charleston-Summerville area and surrounding counties in her capacity as operator
of the seismograph station at the Baptist College at Charleston. She then
distributed a sheet of facts and questions (Appendix 1) to encourage

discussion. Mr. Mann stated that awareness starts with knowledqe. He admonished
the group, 'You have a duty to society, not just an opportunity.'' He then posed

two questions as follows:

1) How much do you know about the human effects from earthquake damage.

2) Are you qualified to carry the message to your community?

When asked to raise their hands for question number 2 seven indicated ''yes''; 20,

""no'" and four, ''don't know.'

Mr. Mann later presented a combination scenario and oral quiz, (Appendix 2), the
latter taken by the group near the end of the session.
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Mr. Jones made a brief statement on earthquake preparedness. He distributed an
outline (Appendix 3) describing the FY 8% program and objectives on the subject
by the Federal Emergency Management Administration (FEMA).

AWARENESS

The results of the Charleston earthquake scenario quiz surprised many members of
Discussion Group 4. If the 1886 Charleston earthquake were to recur, 80 percent
of the commercial buildings and 80 percent of the schools in the epicentral area
would be damaged beyond the point of safe occupancy. Frame residences (not on
stilts), 15 percent damaged; (on stilts), up to 85 percent damaged. Masonry
residences, 70 percent damaged. Estimated number of people killed: 500-1,000.
Among those deaths approximately 70 percent would be students. Most of the
group's estimates were significantly below the figures based upon recently
observed earthquake damage elsewhere. These rough estimates for the purpose of
the scenario, were based upon recorded effects of two damaging earthquakes:
Eastern Tennessee (November 1973) and Coalinga, California, (April 1983). Mr.
Mann pointed out that the purpose of the quiz was to demonstrate that, although
we all have a responsibility to disseminate our knowledge of earthquake risks, we
should be prepared to defend our damage estimates before speaking to the public

or local officials.

The group agreed that, in speaking engagements, we should set specific goals

geared to the audience. Examples:
1) Advise families on setting aside water supplies and canned food;

2) Suggest to school officials or the PTA the advantages of having

earthquake drills; and
3) Emphasize to builders the need to design and construct schools,
hospitals, and other critical facilities to withstand damaging

earthquakes.

Some studies suggest that ethnic background and race are factors in awareness and

preparedness. Preparedness strategies should take into account the diversity of
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communities in the area. Furthermore, the approach in speaking to business and
professional groups, for example, would differ from that of addressing government
leaders or school groups. Packaging the information disseminated on hazard
awareness and preparedness into various blocks or modules to fit the audience is

critical.

The news media are often influenced by recent local earthquakes or by meetings
such as this one. Government agencies and professional societies are also able
to make the public aware of earthquake risks. The public, in turn, influences
officials who may or may not move toward preparedness. Based upon the discussion
group's experience, there are varying levels of earthquake awareness among the
public, but local officials will not implement preparedness techniques if they
perceive the probability of a damaging earthquake to be low. Even where the
building code contains provisions for seismic-resistant design, if the officials
believe the seismic hazard is low, builders will not comply with the seismic
design part of the code. In Charleston, for example, the newly built Marriott
Hotel and the reconstructed Veterans Administration Hospital are the only

buildings designed to withstand a damaging earthquake.

PREPAREDNESS

The discussion group was divided over whether or not earthquake hazards should be
integrated with other hazard programs. Some members felt that this could be
recommended in areas where the probability of a damaging earthquake is low, and
that the public should be able to deal with a variety of hazards. Others felt
that different hazards require different strategies. Earthquakes are especially

unique because there is no warning and they can affect multistate areas.

The group did agree that preparations for a large earthquake in the Charleston
area are not being addressed adequately. The best solution is to improve
structures (buildings, bridges, overpasses, power substations, and related
construction) to withstand damaging earthquakes. Meanwhile, the public should be
prepared to react to a damaging earthquake when it is happening because there

will likely be no warning.
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The emergency preparedness staff in the three-county area of Charleston has
presented lectures to the schools, but no earthquake drills. Other talks have
been presented to area civic groups and hospitals. There is a general 7isaster
plan which includes earthquakes. The implementation of a seismic-resistant
design in the building code should come from the State level, and new design or
planned retrofitting of existing buildings should place high priority on critical
facilities such as schools, fire stations, hospitals and power stations. In the
Charleston area the emergency preparedness people are trying to get the schools

to purchase radios so they can receive disaster information quickly.

One member suggested that private industry join with government in earthquake
hazard preparedness methods. One important example is that businesses are

becoming concerned about the effects of ground motion on their computers.

CONCLUS ION

Thorough indoctrination of task force members in the many aspects of both
awareness of and preparation for earthquake hazards is vital prior to public
appearances of the team. Be sure the presentation is relevant to the group.

Know your audience. Economic, social, educational, and occupational backgrounds
vary widely. The best solution for overall preparedness is to implement seismic-
resistant design into the building codes. Retrofitting the various critical
structures (hospitals, schools, fire stations, others) to meet seismic-resistant

standards may be costly but it could save lives and future financial loss.

A multihazard approach should be emphasized, particularly in areas where damaging
earthquakes are rare. Earthquake hazard awareness and preparedness should be
included as topics along with tornadoes, floods, hurricanes and other natural

disasters.
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Appendix 1

MISCELLANEOUS EARTHQUAKE HAZARD FACTS AND QUESTIONS
By Joyce B. Bagwell

Do You Know...

1)

2)

3)

L)

5)

6)

7)

8)

9)

10)

In South Carolina approximately 63 earthquakes have occurred in the
past 10 years. More than half of these occurred in the Middleton

Gardens area.

Interviews with public officials and representatives of the
educational community and civic organizations indicate some awareness

but no preparedness.

What is the chain of command concerning community lifeline
facilities?

In the disaster plan, what is written specifically for earthquakes?

What material is available to the general public, homeowners and

business community to know what to do in case of a major earthquake?

On the State level, how would officials and citizens react in the

case of a major earthquake?

The Summerville-Charleston community has responded to intensity
surveys of the earthquakes between 1977 and 1983. There is a state

of awareness and questions have been asked about preparedness.

The Veterans Administration Hospital has been reconstructed to

withstand a damaging earthquake. This project is near completion.

Banks have withheld funds until the recently built Marriott Hotel has

been made earthquake safe.

One earthquake drill has been held at the Coastal Center, in Ladson,
South Carolina.
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Appendix 2

""SCENARIO QUIZ ON LOSSES SUSTAINED FROM AN
1886 CHARLESTON EARTHQUAKE'™ OCCURRING IN MAY 1983
By 0. Clarke Mann

Assumptions:

1)

The 1886 Charleston earthquake has recurred at 3:00 p.m., May 25,
1983.

2) Among the residences in the area, 70 percent are frame, 30 percent
are masonry.

3) None of the commercial structures are earthquake-resistant.

L) None of the school structures are earthquake-resistant.

5) Population of Charleston is 100,000 (for ease of calculations;
actually, three-county metropolitan area population estimated at
400,000) .

Questions:

1) What percentage of the following structures would be damaged beyond

the limits of safety?

a) Frame residences

b) Masonry residences

c) Commercial buildings

d) Schools
2) How many people would die as a direct result of the earthquake?
3) Of the total number of deaths, how many would be students?
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Appendix 3

EARTHQUAKE PREPAREDNESS

By James R. Jones

Description of Proqram: Thirty-nine of the 50 States have major or moderate

seismic risk. Efforts of the Earthquake Preparedness Program of the Federal
Emergency Management Administration (FEMA) include:

1) Providing grants to States for vulnerability analyses and contingency

plans,

2) Providing technical assistance,

3) Developing improved seismic building practices and standards, and

4) Developing preparedness and mitigation guidelines on earthquakes for

incorporation into an integrated emergency management process.

Program Budget Request: $2.1 million.

FY 1984 Objectives: Funds will be used to support not only State preparedness

planning efforts but also those initiatives which have a broad national
applicability to further improved seismic building policies. FEMA will
continue to develop, publish and disseminate materials on life safety and
earthquake preparedness and mitigation measures for users in the public and
private sectors. In FY 84, States will be requested to identify opportunities
to apply the methodologies for performing vulnerability analyses and
developing contingency plans to the broader spectrum of hazards as part of an
integrated emergency management system. Assistance to the States in FY 84

will provide for the following:
1) Conduct vulnerability analyses, including specific vulnerabilities of

critical/special facilities in local jurisdictions in Puerto Rico, San

Diego and the Central United States.
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2) Continue and enhance contingency planning in the Central United States

and San Francisco Bay area.

3) Develop and implement nonstructural mitigation preparedness programs
for local jurisdiction in the Central United States, Alaska, Hawaii,

San Franscisco, Puget Sound, Boston and Salt Lake City areas.

L) Test and exercise contingency plans in Puget Sound, Boston, Salt Lake
City and Central United States.

5) Identify post-earthquake recovery/reconstruction mitigation

opportunities in Alaska and Hawaii.

6) Establish local planning councils in Charleston, South Carolina, and

upper New York State areas.

7) Initiate cooperative planning projects with the private sector in the
Central United States, San Francisco, Salt Lake City and San Diego

study areas.

Other efforts in public education, including the adaptation and transfer of
the Southern California Earthquake Preparedness Project prototype products and
processes, will aid all the States in earthquake planning and preparedness.

(From outline program and budget plan from FEMA.)
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1886 CHARLESTON, SOUTH CAROLINA, EARTHQUAKE REVISITED

by

Otto W. Nuttli
Saint Louis University
St. Louis, Missouri 63103

INTRODUCTION

The 1886 Charleston, South Carolina, earthquake can be considered in various
ways. The first way is a scientific approach, in which the basic facts are
presented in the form of numerical information. Another way is to describe,
in a journalistic manner, the effects of the earthquake. A third way is to
invision consequences of a future earthquake of similar size. This paper will

utilize all three approaches, at least in summary fashion.

QUANTITATIVE INFORMATION

Coffman et al (1982) described the mainshock of the 1886 event as consisting
of two earthquakes which occurred at ZthIm and 21h59m (EST) on Tuesday,
August 31, 1886. Bollinger (1977) reinterpreted the intensity data and
assigned an MM intensity value of X to an elliptical area of about 1300 kmz.
The center of the area, which can be considered as an approximation of the
epicentral location, is at the town of Middleton Place, at latitude 32.90° N
and longitude 80.14° W, approximately 25 km northwest of Charleston. Because
the earthquake just preceded the installation of seismographs in the United
States, its magnitude only can be estimated or inferred from the intensity
data. Nuttli et al (1979) presented several different methods for estimating
the body-wave magnitude (mb) from the intensity data. They obtained m, values
between 6.6 and 6.9, with a preference for the value of 6.6, for the 1886
earthquake. Nuttli (1983) found that for mid-plate earthquakes an m, of 6.6
corresponds to a surface-wave magnitude (MS) of 7.5. For large earthquakes,
Mg often is called the Richter magnitude. From scaling <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>